experimental data, where available. The plastic hinge rotation capacity is increased as the 24 loading condition is changed from the concentrated load at the middle to the uniform, and 25 it is a maximum for the case of the two-point load. The effect of the loading type on the 26 plastic rotation capacity of the reinforced beams with high amount of ρ is not as 27 At the first stages, Li and Wu introduced a pseudo-strain-hardening material that used 38 only fine aggregates with reinforcing polyethylene fibers (Li and Wu 1992) . In 1996, 39 Naaman and Reinhardt presented and developed a fiber reinforced cementitious material 40 which had a matrix with no coarse aggregates, and regarded as fiber reinforced cement 41 paste or mortar (Naaman and Reinhardt 1996) .As it shown in A large number of researchers have developed ECC material based on PVA fiber. But, 57 decision making on selecting and using the type of fibers, depends on fiber's natural 58 characteristics such as diameter ranges, surface characteristics and mechanical behavior. 59
It also depends on the matrix cracking properties, fiber-matrix interfacial bonding 60 properties, the desired properties of the ECC composites, the durability needed, the 61 desired sustainability of the system and the economic constraints of the application. ( The plastic hinge rotation ( P θ ) of RC beams depends on a number of parameters 70 including the definition of yielding and ultimate curvatures, section geometry, material 71 properties, steel reinforcement ratios, transverse reinforcement, cracking and tension-72 stiffening, the stress-strain curve for the concrete in tension and compression, the stress-73 strain curve for the reinforcing steel, bond-slip characteristics between the concrete and 74 the reinforcing steel, support conditions and the magnitude and type of loading, axialforce, width of the loading plate, influence of shear, and the presence of column 76 (Kheyroddin 1996) . Some equations have been proposed to calculate the plastic hinge 77 length ( P l ) and the inelastic rotation capacity; however, there is no general agreement on 78 the techniques to evaluate the inelastic characteristics of indeterminate concrete 79 structures. The conditions at the ultimate load stage of a typical cantilever beam subjected 80 to uniform load are shown in Fig. 2 . For values of loads smaller than the yielding moment 81 ( y M ), the curvature is increasing gradually from the free end of a cantilever (point A) to 82 the column face (point B). There is a large increase in the curvature at first yield of the 83 tension steel. At the ultimate load stage, the value of the curvature at the support 84 increases suddenly so that it causes large inelastic deformations (Kheyroddin and 85
Naderpour 2007). 86
As it shown in Fig. 2(c) , the actual distribution of curvature at the ultimate load stage can 87 be idealized into elastic and plastic regions, thus the total rotation ( total θ ) over the beam 88 length can be divided into elastic ( e θ ) and plastic ( P θ ) rotations. The elastic rotation 89 which is defined until the first yielding of steel can be obtained using the curvature at 90 yielding. The plastic hinge rotation ( P θ ) on each side of the critical section shown in Fig.  91 2, can be defined as: 92
Eq(1) 94
In which, y l is the beam length over which the bending moment is larger than the 95 yielding moment ( y M ) or the distance between the critical section and the location where 96 tension steel bars start yielding and () x φ is the curvature at a distance x from the criticalsection at the ultimate load stage. The shaded area in Fig. 1(c) 
Where u φ and y φ are the curvatures at the ultimate load and yielding, respectively and P l 109 is the equivalent length of the plastic hinge over which the plastic curvature ( P φ ), is 110 assumed to be constant (Kheyroddin 1996) . Table 2 . 131
Test set up of RC and RHPFRCC beams is presented in Fig. 4 . The amount of damage is 132 more sever in RHPFRCC beam compared to RC beam as it shown in Fig. 5 nonlinear solid element with the ability to modeling the composite sections was applied 188 for modeling these beams (Fig. 10) . The compression behavior of these two materials is 189 similar to each other (Fukuyama et al 2000) . As it shown in Fig. 9 , cc σ and pc σ are the 190 first cracking stress and the maximum stress of HPFRCC with PVA fibers in the range of
Eq. (5) from the experimental value. These analytical results are summarized in Table 3 and 232 Table 4 . 233 As can be seen in Fig. 11 and Fig. 12 , when a coarse mesh size is applied, the beam 242 exhibits a stiffer behavior compared with the experimental response. With increasing the 243 number of elements, the beam trends to be more flexible and less ductile. Infact, the mid 244 span deflection at ultimate load decreases with reducing in element size. Hence, medium 245 mesh size is selected for analytical purposes. Cracking is idealized using the smeared 246 cracking model, and assumed to occur when the principal tensile stress at a point (usuallya Gauss integration point) exceeds the concrete tensile strength. The stiffness across the 248 crack is assumed to be zero and the principal directions are not allowed to rotate. For 249 evaluation of an "appropriate" value of the ultimate tensile strain of the concrete, tu ε , and 250 elimination of mesh size dependency phenomenon, Shayanfar et 
) 254
Where, h is the width of the element in mm. In concrete materials, finer mesh size does 255 not always conclude to more exact response and there is a limit value for this case. Load deflection curves of RH1 and RH2 are illustrated in Fig. 13 . Load deflection curves 277 of RC1 and RC2 are illustrated in Fig. 14. The analytical results including the yielding 278 and ultimate loads, deflections and curvatures and ductility ratios for these beams are also 279 presented in Table 5 . The mode of failure is flexural for all beams, i.e., steel 280 reinforcements yield prior compressive HPFRCC and concrete crushing. As shown in 281 these figures and tables, ultimate load, deflection, curvature and ductility ratio of RH2 282 beam are about 0.7 %, 1.58 %, 1.8 % and 0.2 % higher than its corresponding values in 283 RH1 beam. In RC1 beam, the ultimate load, deflection, curvature and ductility ratio are 284 about 1 %, 3.6 %, 8.3 % and % 8.3 % more than RC2 respectively. Load and deflection 285 capacity, curvature and ductility ratio of reinforced concrete and HPFRCC beams 286 increase with increasing the compressive strength of concrete and HPFRCC. It seems that 287 these parameters in reinforced HPFRCC beams are higher than corresponding values in 288 reinforced concrete beams. 289
For calculating the of p θ and p l values, the curvature along the beam is obtained from 290 the concrete and HPFRCC strain values in compression zone and from the steel strain in 291 tension zone at the ultimate limit state. Then the p θ is calculated by integration along the 292 yielding length. Curvature distribution in RH1 and RH2 beams and also in RC1 and RC2 293 beams are presented in Fig. 15 and Fig. 16 . Plastic hinge characteristics including the 294 yielding length ( y l ), plastic hinge length ( p l ) and plastic hinge rotation ( p θ ) of these 295 beams are also presented in Table 6 . As it shown in Fig. 15 , the maximum value ofcurvature is occurred in the distance of about 400 mm and 350 mm from mid-span of the 297 RH1 and RH2 beams which are very close to the point of two concentrated loads (the 298 distance between two concentrated loads in these beams are 700 mm). In the case of RC1 299 and RC2 beams, the maximum value of curvature is occurred in distance of about 250 300 mm and 300 mm from mid-span of the RC1 and RC2 beams. As it shown in This may be due to existence of reinforcing fibers, HPFRCC material maintains its unity 311 under sever loading (bridging mechanism and pull out of fibers) and subsequently steel 312 reinforcements suffer more strains and reach more close to the value of their plastic 313 strain. Moreover, the ultimate compressive strain of HPFRCC is more than normal 314 concrete. This phenomenon concludes to increase in ultimate curvature, plastic hinge 315 length and plastic hinge rotation of RHPFRCC beams capacity of HPFRCC beams 316 compared to RC beams. 317 318 
. Influence of tension reinforcement ratio 333
Load deflection curves of RH1, RH5, RH6, RH7 and RH8 beams are illustrated in Fig.  334 17. The analytical results including the yielding and ultimate loads, deflections and 335 curvatures and ductility ratios for these beams are also presented in Table 7 . The mode of 336 failure is flexural for all of these beams. As it shown in Fig. 17 and Table 7 , increasing in 337 the value of tension reinforcement ratio in these beams conclude to higher ultimate load 338 values. In the other hand, increasing in the value of tension reinforcement ratio of these 339 beams conclude to less ultimate deflection, curvature and ductility ratio. 340
Distribution of curvature in RH1, RH5, RH6, RH7 and RH8 are presented in Fig. 18 . As 341 it shown in this figure, the maximum value of curvature is occurred in the distance of 342 about 400 mm from mid-span of the RH1 and RH2 beams which is very close to the point 343 of two concentrated loads (the distance between two concentrated loads in these beams 344 are 700 mm). Plastic hinge characteristics of these beams are also presented in Table 6 Table 9 . Distribution of 367 curvature in RH3, RH9, RH10, RH11 and RH12 are presented in Fig. 20 . Plastic hinge 368 characteristics of these beams are also presented in Table 10 . 369
As it shown in these figures and tables, increasing in the value of tension reinforcement 370 ratio in these beams conclude to higher ultimate load values. In the other hand, increasing 371 in the value of tension reinforcement ratio of these beams conclude to less ultimate 372 deflection, curvature and ductility ratio. The maximum value of curvature is occurred in 373 the mid span of these beams, i.e., at the point of concentrated load. It seems that 374 increasing in the value of tension reinforcement ratio of these beams conclude to less 375 plastic hinge length and plastic hinge rotation. 376
In the case of reinforced HPFRCC beams under concentrated load, ultimate deflection, 377 curvature and ductility ratio are higher compared to corresponding beams subjected to 378 two-point loading. But, plastic hinge length and rotation is less than two-point loading 379 As it shown in Table 8 , plastic hinge length and rotation of RHPFRCC beams are about Table 9 . Analytical results for RH3, RH9, RH10, RH11 and RH12 beams 387 Distribution of curvature in RH4, RH13, RH14, RH15 and RH16 are presented in Fig. 21 . 397
The analytical results for these beams are presented in Table 11 . Plastic hinge 398 characteristics of these beams are also presented in Table 12 . 399
As it shown in these figures and tables, increasing in the value of tension reinforcement 400 ratio in these beams conclude to higher ultimate load values. In the other hand, increasing 401 in the value of tension reinforcement ratio of these beams conclude to less ultimate 402 deflection, curvature and ductility ratio. The maximum value of curvature is occurred in 403 the mid span of these beams, i.e., at the point of concentrated load. It seems that 404 increasing in the value of tension reinforcement ratio of these beams conclude to less 405 plastic hinge length and plastic hinge rotation. 406
In the case of reinforced HPFRCC beams under uniform load, plastic hinge length and 407 rotation is lees than 2-point loading beams but more than concentrated loading beams. Table 10 . 474
The relation among three different types of loading discussed in this paper can be defined 475 as: 476 
